Introduction: Gastroenteritis is recognized as a serious public health problem in India. It is a syndrome that can be caused by different bacterial, viral and parasitic pathogens. Indiscriminate use of antibacterial agents has resulted in the development of multidrug resistant organisms. A retrospective study was done to analyze the etiological spectrum of diarrhoea and to determine the antimicrobial resistance pattern of bacterial pathogens. Methodology: Fecal specimens from patients with acute or chronic diarrhoea were received prior antibiotic administration and processed for routine microscopy of parasites; culture, antimicrobial susceptibility testing and polymerase chain reaction for bacterial pathogens and latex agglutination for rotavirus. Results: Out of the 6043 stool samples collected during the period of Jan 2005-Dec 2013, 678 (11.2%) enteric pathogens were isolated. The predominant isolates were Diarrheagenic Escherichia coli (DEC) (46.3%) followed by Salmonella, Shigella, Vibrio cholerae and parasites. Certain unusual pathogens were also isolated. Among age wise distribution, Diarrheagenic Escherichia coli (DEC) mainly Enteroaggregative Escherichia coli (EAEC) was isolated from <5 years of age. The majority of other enteric pathogens were isolated from the adult population. The enteric pathogens isolated showed resistance to multiple antibiotics. The resistance pattern observed during this period showed an overall increase in resistance to the antibiotics tested. Conclusion: The present study documents the overall role of etiological agents as causes of diarrhoea and indicates that the indiscriminate use of potent antibiotics can lead to acquisition of resistance to important therapeutic agents.
Introduction
Global, regional and national estimates place diarrhoeal diseases as a major neglected public health problem. In the Southeast Asian region, almost 48% of the estimated 3.07 million deaths annually are attributed to acute respiratory infections and diarrhoeal diseases with the highest burden in 5 countries: Bangladesh, India, Indonesia, Myanmar and Nepal where these diseases caused 60,000 deaths annually [1] - [3] . Diarrhoea is a syndrome that can be caused by different bacterial, viral and parasitic pathogens. Understanding the prevalence of these etiological agents is necessary as it contributes to its epidemiology and also to the changing trends in causing gastroenteritis. Indiscriminate use of antimicrobial agents has resulted in development of multidrug resistant organisms [4] . Accurate understanding of the cause of diarrhoea in a given setting is an arduous task that requires systematic monitoring of the various pathogens. A retrospective study was done to analyze the etiological spectrum of diarrhoea and to determine the antimicrobial resistance pattern of bacterial pathogens.
Methodology
Specimen collection: Fecal specimens from patients with acute or chronic diarrhoea were received for microscopy of parasites and culture of bacterial enteric pathogens from both inpatients and out patients at Diagnostic Microbiology Laboratory, from Jan 2005-Dec 2013. Informed consent was obtained from the patients prior to sample collection. Around 6043 stool specimen were collected before antibiotic administration and processed for identification of various pathogens. No transport medium was employed as the fresh specimen was received in the laboratory within 30 minutes and processed immediately without any further delay using standard laboratory techniques.
Specimen processing: Routine stool microscopy of saline and iodine preparations was examined for intestinal parasites. Smears stained with modified acid fast stain from each specimen were examined for coccidian parasites. A battery of culture media-Alkaline Peptone Water, Selenite Feces broth, Blood agar, Mac Conkey agar, Thiosulphate Citrate Bile salt Sucrose agar (TCBS) were used for the isolation of bacterial pathogens. Bacteriological analysis was done by standard laboratory techniques [5] [6] . Salmonella, Shigella and Vibrio cholerae were serotyped by slide agglutination test using specific antisera (Difco, USA and NICED, Kolkata). Salmonella isolates were sent to Central Research Institute-CRI, Kasauli and NICED, Kolkata for serotyping with specific antisera. Escherichia coli isolates obtained from patients suffering from persistent diarrhoea for more than 2 weeks were subjected to Multiplex PCR targeting the specific virulence genes [7] . Clinical isolates of E. coli were specifically subjected to quantitative biofilm assay to screen for the presence of EAEC [8] .
Latex slide agglutination test was used for the detection of Rotavirus in the stool samples (Ranbaxy Labs Ltd, New Delhi).
Antimicrobial susceptibility test: The antimicrobial susceptibility test was performed for Diarrheagenic E. coli, Salmonella, Shigella, V. cholerae and Aeromonas by the Kirby Bauer disc diffusion technique using commercially available disc (Hi-media). The antibiotics used were ampicillin (AMP 10 µg), chloramphenicol (CHL 30 µg), tetracycline (TET 30 µg), cotrimoxazole (SXT 25 µg), ciprofloxacin (CIP 5 µg), norfloxacin (NX 10 µg), nalidixic acid (NAL 30 µg), amoxicillin-clavulanic acid (AMC 20 + 10 µg), gentamicin (GEN 10 µg), amikacin (AK 30 µg), ceftriaxone (CRO 30 µg), and ceftazidime (CAZ 30 µg). The current CLSI guidelines [9] were followed for interpretation of the results and E. coli ATCC 25922 was used as the control strain.
Patients' clinic-demographic details which includes age, sex, ward/OPD, presenting clinical history and underlying illness were noted wherever applicable.
Results
Of 6043 fecal specimens, 678 (11.2%) stool specimens were positive for enteric pathogens. Out of the 678 pathogens, 422 (62.2%) were isolated from males and 256 (37.7%) from females. In this study, out of the 71 Salmonella isolates ( Table 1) , 54 (76%) non-typhoidal Salmonella (NTS) were isolated from diarrheal patients, of which, Typhimurium (21%), Weltevreden (9%), Hindmarsh (6%), Denver (3%) are the common serotypes and 4 strains (12%) were untypable. The rare serovars isolated were Oslo, Bovismorbificans and Schleissheim (data not shown). Among Shigella, S. flexneri 2a was the most common isolate (88%), followed by S. sonnei (10%), S. dysentriae type 1(1%) and S. boydii (1%). Out of the 25 V. cholerae isolates, 84% and 16% belonged to serotypes Ogawa and Inaba respectively. Aeromonas hydrophila and A. sobriae were among Aeromonas species ( Table  1) .
The unusual bacterial pathogens, Moraxella osloensis & Elizabethkingia meningoseptica were isolated from pediatric patients and Vibrio fluvialis and Commomonas testosteroni were isolated from the adult patients. The coccidian parasites (Cryptosporidium & Isospora) were isolated from HIV infected patients with persistent diarrhea. Fasciolopsis buski was isolated from an HIV infected patient. Candida species (18.5%) as the sole pathogen was isolated from immunocompromised patients ( Table 1) .
Age specific distribution of bacterial enteric pathogens: The age wise association of various bacterial enteric pathogens are shown in Figure 1 . Among DEC, EAEC was high (40%) among children <5 years of age, whereas EPEC and ETEC were more among the adult group (data not shown). Rotavirus diarrhea (8.7%) was seen in <2 years of age. Parasites and yeast isolates were predominately seen in adult age group. Antibiotic susceptibility pattern: Figure 2 shows the resistance to various antibiotics tested. The year wise analysis of the antibiotic resistance pattern of these bacterial enteric pathogens (data not shown) revealed that DEC showed higher resistance to all the antibiotics tested in 2005 and the resistance was seen to decrease during the successive years of our study period. Shigella species showed a less resistance to all the antibiotics tested from 2005 till 2008. However, resistance was seen to increase from 2009 onwards. High resistance was seen in TET, NAL and CIP as 80%, 72% and 68% respectively (Figure 2) . Salmonella isolates showed less resistance to the antibiotics. However, Non Typhoidal Salmonella isolates showed an increase in resistance to NAL, CIP, SXT and AMP. Vibrio isolates showed resistance to all the antibiotics tested. Aeromonas species showed an increase in resistance to all the antibiotics. It was also interesting to note the fluctuating pattern of resistance to antibiotics each year.
Discussion
The findings of the present study indicate that both recognized as well as newly recognized agents are important causes of diarrhoea in the developing countries. In this study, we have observed a changing trend in the etiological agents causing diarrhoea. The prevalence of diarrhoea with an identified etiology was 11.2%. Detection of these etiological agents is important for all therapeutic aspects and for implementing appropriate control strategies.
In developing countries DEC are said to be commonly associated with endemic form of diarrhea. The DEC belongs to different categories of pathotypes which are classified based on their clinical features, virulence mechanism and serotypes into EPEC, ETEC, EAEC, EHEC and EIEC. Our earlier study done in May 2001-June 2003 on DEC revealed a higher isolation of EAEC as compared to the other types of DEC [7] [10]. Similar studies done by Banger R et al. also showed a higher isolation of EAEC among the different types of DEC. The phenotypic and genotypic characteristics were studied to produce an easy method for differentiating strains of EAEC from other strains of DEC [8] studies conducted in other developing countries [12] [13]. It was also noted that the EAEC strains were mostly multidrug resistant [14] .
In agreement with other reports, amongst the non-epidemic diarrheal illness, Shigella and non typhoidal Salmonella gastroenteritis are still the well-recognized etiological agents both in children as well as adults. The prevalence of non-typhoidal Salmonella found in this study (76%) is higher as compared to our previous observation. The transfer of Salmonella and other zoonotic pathogens to humans via the food supply is an ongoing public concern worldwide. Multi-drug resistant non-typhoidal Salmonella species are widespread all over the world. Study done in north India by Taneja et al. revealed resistance to multiple drugs and an increased resistance to ciprofloxacin [15] . Study done in Mexico by Zaidi M B et al. revealed a high prevalence of Salmonella in retail meat as well as in ill and asymptomatic children. PFGE analysis demonstrated identical DNA banding patterns between them [16] .
Shigella infection was significantly associated with older age group (13 -40 years). S. flexneri and S. sonnei were commonly associated with diarrhoea. S. dysentriae was rarely isolated in this study. Our previous study (2000) (2001) (2002) (2003) (2004) (2005) (2006) showed S. flexneri as the predominant serogroup and its resistance to TET, SXT, AMP and NA [17] . Emergence of MDR in Shigella is a global problem. Studies done by Nair et al. showed Shigella sensitive to ceftriaxone [3] contradicting our findings where resistance is seen from 2011 onwards. Reports from north India mention that ESBL producing Shigella strains being isolated and conferring resistance to third generation cephalosporin [18] . Shigellosis in this part of the world is likely to be untreatable disease if this pattern of multiple drug resistance continues. Emergence of MDR strains has been reported due to different genetic factors including transfer of plasmids, integrons and allelic variation in the specific genes [3] .
Though cholera is often thought as a major cause of child deaths due to diarrhoea, most cases occur among adults and older children [19] . Cholera was significantly associated with older age group (>21 years). In our observation from 2004-2012, there was a shift in the serotype Inaba to Ogawa and change in the resistance pattern to NA, SXT, AMP, CHL and TET. A large number of cholera epidemics have been associated with multipleantibiotic-resistant (MAR) strains of V. cholerae [3] [15] [20] . Improving access to safe drinking water and adequate sanitation, as well as promoting good hygiene are key components in preventing diarrhoea.
The prevalence of Aeromonas species in causing diarrhoea like illness may attribute to the similar genus cha-racteristics. Drug resistance observed in isolates of Aeromonas spp. to ampicillin was similar to studies reported from Goa and north India [15] . Rotavirus is the most common cause of severe diarrhea in children worldwide. Though most of the Rota viral infections are mild, 1/3rd of hospitalization worldwide are due to Rotavirus diarrhea. In the present study, Rotavirus diarrhea was seen in children less than 2 years of age. Similar studies also show the isolation of the Rotavirus type A in infants of >2 years of age [21] [22] . Unlike, the reports from the mentioned studies, we have isolated Rotavirus as the sole pathogen (8.7%) as the etiology of diarrhea.
Immunocompromised status provides a suitable environment for the opportunistic infections. Diarrhoea is a common manifestation of HIV infection in both adults and children. In adults, it is usually the consequence of a deteriorating immune system late in the HIV cycle. The present study was compared to our previous laboratory data where a change in the pattern of prevalence of coccidian parasite from Cryptosporidium to Isospora belli in HIV infected individuals was seen. Prevalence of E.histolytica was low in this study and this may be related to the current use of chloroquine under malaria eradication program of Ministry of Health and Family Welfare [3] .
In the present study enteric parasites of 5.7% was isolated, as compared to Candida species comprising 18.5%. Despite the majority of candidiasis cases being attributed to C. albicans, an increasing number of infections caused by non-C. albicans Candida (NCAC) species, specifically Candida glabrata, Candida parapsilosis and Candida tropicalis, have been reported over the past two decades [23] . The association of Candida in causing diarrhoea is not well established and studies show that there may be a possibility of Candidal diarrhoea in selective clinical settings [24] [25] .
Our findings show that unusual enteric pathogens being isolated and reported in causing diarrhoea. Vibrio fluvialis has emerged as a rare human pathogen with particular significance in immunocompromised patients, particularly those with AIDS and cancer and in infants. We have reported a case of cholera like illness in a cancer patient [26] . Moraxella osloensis being an environmental strain is rarely known to cause local or invasive infections. A case of diarrhoea in Hemolytic Uremic Syndrome (D + HUS) pediatric child was reported [27] . The rare isolation of Elizabethkingia meningoseptica causing diarrhea in a pediatric child [28] was observed in contrast to the infections associated like meningitis, nosocomial pneumonia and endocarditis. Fasciolopsis, a food borne parasitic zoonosis mainly infects farm pigs. It is most prevalent in school age children. A case of diarrhoea in a retro positive adult with co-infection of Fasciolopsis buski, Taenia spp and Aspergillus spp was reported [29] .
Besides the well-known causes of enteric infections and diarrhoeal diseases, parasites and viruses are important etiological agents, which are very often overlooked. These agents have to be identified accurately and promptly so that appropriate treatment modalities could be initiated which would prevent the transmission of infection via feco oral route.
Though much of the work is done by routine phenotypic characterization in the laboratory, molecular diagnosis becomes a necessity for the rapid and accurate diagnosis along with the antimicrobial susceptibility testing. This decreases the overall turnaround time required for routine reporting from 72 hours to less than 48 hours, thus directly reducing the mortality and morbidity rates of diarrheal disease.
The etiology of diarrhea includes both emerging and reemerging pathogens. These agents have to be accurately diagnosed by proper laboratory investigations; otherwise routine treatment of such cases with empirical antibiotics will unnecessarily increase the burden of drug resistance. The change in the antibiotic resistance pattern also cannot be neglected. Empirical drugs once used are now being reported as resistant. The problem of changing resistance patterns in enteric pathogens will remain an ongoing threat for both developed and developing countries. Systematic surveillance and timely reporting of antibiotic resistance patterns among enteric pathogens from different regions of the world should become a high priority. It is important to bear in mind that the principal purpose of monitoring antibiotic resistance trends among enteric pathogens is to provide clinicians with data that can be used to select appropriate treatment regimens.
Conclusion
Molecular studies have to be considered as a part of diagnosis for prompt and accurate identification along with epidemiological monitoring. An improvement in the hygiene and sanitation is also essential in decreasing the morbidity due to enteric pathogens. Periodic monitoring of drug resistance in enteric pathogens should be carried out in different geographic areas so that an appropriate agent can be chosen for empiric therapy. There is a need to educate both the general public and health practitioners that most diarrhoea does not require antibiotics.
